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The multi-microbe probiotics approach may result in the best chance to improve pig performance and 
health by feeding pigs a diet partly consisting of inoculated fermented corn. A corn specific 
Lactobacillus amylophilus may be used in combination with one or more pig specific probiotics  like 
Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus reuteri, Lactobacillus  plantarum and 
Lactobacillus  johnsonii depending on the availability of these strains. Commercially available pig 
probiotics may be used as alternative source of inoculation, if no restrictions to the use apply. An 
inoculation level of 0.2-0.3% to the fermentable substrate seems optimal. The applied fermentation 
process resulted in a significant increase in the lactic acid content of the fermented corn, without 
seriously increasing the acetic acid. The in vitro digestibility of fermented corn increased by 6% as 
compared to soaked unfermented corn. According to the current review, dietary lactic acid content 
should amount 4.5 to 36 g/kg DM to have a stimulating effect on gut health and pig performance. To 
realize such contents in a complete pig diet, the inclusion level of the current fermented corn have to 
vary between 3.6 to 29% of DM. 
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Preface 
A literature study was conducted to screen the scientific literature on the effects of natural and 
inoculated  fermentation of pig feed on growth performance and health enhancement in pigs. The 
ultimate aim of this literature study was to get insight in the mechanisms related to the improved pig 
production as induced by the probiotic effects of lactobacilli and the growth promoting effects of 
organic acids as produced during the process of fermentation of chopped corn. Based on the results of 
the review, corn was fermented, thereby inoculating the mixture with a starch degrading enzyme and 
lactic acid producing bacteria. The fermented corn was tested in a vitro digestibility study, where after 
it could be concluded that the in vitro digestibility was improved as compared with the unfermented 
corn. This research was funded by the Dutch Ministry of Economic Affairs (Top sector Agri & Food, 
public-private partnership ‘Kleinschalige Bioraffinage’). 
 
 
Marinus van Krimpen 
Project leader 
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Summary 
The present literature study summarizes the knowledge on fermentation of pig feed by various strains 
of Lactobacillus, on the generation of dietary organic acids by the fermentation process and, if known, 
the effects on pig performance and health.   
 
Fermentation of starchy products by strains of Lactobacillus leads to the generation of organic acids, 
and the combined probiotic effects of strains of Lactobacillus and the effects of organic acids are 
known for their ability to enhance performance and health of growing pigs. However, the beneficial 
effects of fermentation on pig economy and well-being depend on the type of microbiota used and of 
the composition of organic acids generated by fermentation. The process of fermentation can be 
initiated under natural environmental microbial conditions or can be standardised by inoculation with 
(blends of) specific bacterial strains. The latter may lead to a more predictable generation of different 
types of organic acids and the chosen bacterial strains for inoculation of the dietary substrate may act 
as probiotics, being species-specific, i.e  specifically originating from the intestine of pigs. 
 
The main product of fermentation is lactic acid and to a lesser extent acetic acid and some ethanol. 
The ratio between lactic acid and acetic acid should ideally be >5:1 in pigs diet for performance 
enhancing effects. 
 
The multi-microbe probiotics approach of Choi et al. may result in the best chance to improve pig 
performance and health by feeding pigs a diet partly consisting of inoculated fermented chopped corn. 
A corn specific Lactobacillus amylophilus GV6 may be used in combination with one or more pig 
specific probiotics  like Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus reuteri, 
Lactobacillus  plantarum and Lactobacillus  johnsonii depending on the availability of these strains. 
Commercially available pig probiotics may be used as alternative source of inoculation, if no 
restrictions to the use apply. An inoculation level of 0.2-0.3% to the fermentable substrate seems 
optimal.  
 
Based on this review, the effect of corn fermentation treated with a starch degrading enzyme and a 
probiotic strain on lactic acid concentration was determined. Subsequently, the in vitro dry matter 
digestibility of unfermented versus fermented corn was determined. It was concluded that the applied 
fermentation process resulted in a significant increase in the lactic acid content of the fermented corn, 
without seriously increasing the acetic acid. The in vitro digestibility of fermented corn increased by 
6% as compared to soaked unfermented corn. According to the current review, dietary lactic acid 
content should amount 4.5 to 36 g/kg DM to have a stimulating effect on gut health and pig 
performance. To realize such contents in a complete pig diet, the inclusion level of the current 
fermented corn have to vary between 3.6 to 29% of DM. 
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1 Introduction 
Mechanisms related to the improved pig production as induced by fermentation of pig feed seem to be 
related to at least two modes of action: effects of probiotics  and effects of organic acids. 
Probiotics 
Probiotics may be effective in preventing intestinal health problems in pigs (such as diarrhea). 
Probiotics are living microorganisms beneficial to the health of verterbrates and by introducing 
probiotics in the intestines, beneficial effects on piglets health can be noticed (Burel, 2012). However, 
the exact mechanism of action of probiotics is not understood (Heo et al., 2012). Probiotics as an 
alternative for antibiotics have been studied and reviewed extensively (Barton and Hart, 2001; 
Verstegen and Williams, 2002; Chander et al., 2007; De Lange et al., 2010; Cho et al., 2011; Burel, 
2012; Heo et al., 2012; Allen et al., 2013).  Examples of probiotics frequently used in pig farming are 
Lactobacillus spp., Streptococcus spp., Bifidobacterium spp., Bacillus spp., and yeast (Allen et al., 
2013).   
Probiotics may have at least five beneficial functions (De Lange et al , 2010) in the gastrointestinal 
tract of young piglets. The effects of probiotics, however, depend on the bacterial strain used. These 
five functions are:  1) Stimulate the development of a healthy microbiota-predominated by beneficial 
bacteria, 2) prevent colonization of enteric pathogenic bacteria in the gut, 3) increase the digestive 
capacity of the gut and lower it’s pH, 4) enhance mucosal immunity, and 5) enhance gut tissue 
maturation and integrity. However, in order to be a good alternative for in-feed antibiotics, probiotics 
need to be non-pathogenic, be free of antibiotic resistance genes or have reduced gene transfer 
functions, survive in feed in the manufacturing process and have a stable activity, be resistant against 
stomach acids and bile, be able to colonize the gastrointestinal tract, be hostile for pathogens, have 
high growth rates and low nutrient requirements, be able to produce nutrients, and suppress enteric 
pathogenic bacterial cells or their metabolites (De Lange et al., 2010; Allen et al., 2013). The overall 
effectiveness of probiotics as alternative for antimicrobials remains unclear due to the many, difficult 
to compare experimental studies. The outcome of these studies are inconsistent, due to the many 
probiotics studied and the lack of standardisation of experimental conditions like the health status of 
animals (Allen et al., 2013). 
Organic acids 
Several researchers have reviewed or studied organic acids as alternatives for antibiotics (Verstegen 
and Williams, 2002; Apajalahti et al., 2009; De Lange et al., 2010; Burel, 2012; Heo et al., 2012; 
Papatsiros et al., 2012; Allen et al., 2013; Chu et al., 2013).  
Organic acids are known for their antimicrobial activity (Burel, 2012; Papatsiros et al., 2012). The 
organic acids which have antimicrobial activity are the short-chain acids, widely present in animals and 
plants. In the large intestines of monogastric animals these acids can be formed through fermentation 
of carbohydrates. These organic acids may be present in the form of salts with sodium, potassium, or 
calcium (Partanen and Mroz, 1999; Papatsiros et al., 2012). In-feed organic acids may be present 
naturally in the feed or be added (Allen et al., 2013).  
The most common used organic acids in pig- and poultry diets are: formic, acetic, propionic, butyric, 
lactic, sorbic, fumaric, malic, tartaric, citric, and benzoic acids (Edmonds et al., 1985; Giesting and 
Easter, 1985; Partanen and Mroz, 1999; Dibner and Buttin, 2002) and complex blends created by 
fermentation (Allen et al., 2013). A summation of the organic acids and their positive effects in several 
studies is given by Papatsiros et al. (2012). The transport route of organic acids in the animal’s 
gastrointestinal tract is given by Mroz et al. (2006).  
Organic acids exert their positive effects by influencing the gastrointestinal microbiota by changing the 
physical conditions of the microbiota and by directly killing some pathogens. (Verstegen and Williams, 
2002). The organic acids may give their beneficial effects by the following mechanisms/characteristics: 
influence buffering capacity of diets, stimulate digestive enzyme activity (for example pepsin) and 
production/improve pancreatic secretion in the small intestines, balance the microbial population by 
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decreasing the growth and survival of pathogenic bacteria and increasing the growth of beneficial 
bacteria, decrease stomach pH which in turn improves protein digestion, may lower stomach emptying 
rate, provide nutrients which are preferred by intestinal tissue and in turn improving mucosal integrity 
and function, increase nutrient digestibility and limit feed spoilage, directly kill bacteria by 
antimicrobial activity (Partanen and Mroz, 1999; Partanen, 2001; Knarreborg et al., 2002; Verstegen 
and Williams, 2002; Diebold and Eidelsburger, 2006; De Lange et al., 2010; Wales et al., 2010; Burel, 
2012; Heo et al., 2012). Organic acids can directly kill bacteria by their ability to enter a bacterium, 
depolarize its membrane, and alter its nutrient transport and synthesis. It is stated that the effects of 
organic acids are greatest in diets with low essential amino acids and minerals (Verstegen and 
Williams, 2002). Furthermore, it is stated that organic acids cause little hydrogen-chloride production 
in the stomach in piglets (Burel, 2012). Contradictory statements are made about the effect of organic 
acids on the buffering capacity of diets, as Partanen (2001) also already mentioned. Organic acids 
would reduce buffering capacity of diets (Partanen and Mroz, 1999; Knarreborg et al., 2002; Diebold 
and Eidelsburger, 2006; Mroz et al., 2006) or organic acids would cause a high buffering capacity of 
the feed (Burel, 2012). Both would however result in the positive effects of organic acids.  
Whether organic acids are a good alternative for antibiotics depends on their microbial mode of action 
(Verstegen and Williams, 2002). The positive effects of organic acids seem to be dependent on the 
combination of organic acids used, the animal itself, and the feed (Partanen,  2001; Decuypere and 
Dierick, 2003; Mroz et al., 2006). Perhaps the smell of the feed after addition of organic acids can 
influence the palatability of the feed, since some organic acids have a strong odour. For an overview of 
the different odours from some short chain fatty acids including organic acids, see Mroz et al. (2006). 
Although, some bacteria may be resistant against acid environments (De Lange et al., 2010), it is 
stated that E. coli is not resistant against low pH (Heo et al., 2012).  
Several studies have been performed to the effects of organic acids on pig performances (Edmonds et 
al., 1985; Giesting and Easter, 1985; Tsiloyiannis et al., 2001; Li et al., 2008; Apajalahti et al., 2009; 
Taube et al., 2009; Chu et al., 2013). Chu et al. (2013) found that bamboo charcoal and bamboo 
vinegar (which contain organic acids) had a positive influence on growth performance, feed intake, 
immunoglobulin concentrations (IgG, IgA, and IgM), faecal Salmonella spp. and faecal microflora 
counts and that this was comparable to that of the use of antimicrobial growth promoters (Chu et al., 
2013). Apajalahti et al. (2009) examined formic acid and methionine hydroxyl analogue-free acid on 
their effect on the ileal microbiota of swine. This study showed that these acids were able to change 
bacterial growth and metabolism in-vitro. In-vivo only the formic acid showed effects (Apajalahti et 
al., 2009). Weaned piglets given organic acids (like citric, fumaric, lactic and formic acids) showed 
improved growth performance and health (Edmonds et al., 1985; Giesting and Easter, 1985; 
Tsiloyiannis et al., 2001). In a study in-feed organic acids reduced Salmonella and E. coli counts in the 
stomach of experimentally infected piglets (Taube et al., 2009). Another study which performed a 
challenge test with organic acids is performed by Li et al. (2008). 
1.1 Objectives 
The objective of the current study was to assess the performance and health promoting properties of 
fermented corn in pigs by i) reviewing the knowledge in literature on fermentation of pig feed by 
various strains of Lactobacillus, its generation of dietary organic acids, and its effects on pig 
performance and health, ii) testing the combined use of a starch degrading enzyme and a strain of 
lactic acid forming bacteria during corn fermentation on lactic acid production, and iii) the effect of 
fermented versus unfermented corn on dry matter digestibility by use of an in vitro method.  
1.2 Sponsor 
This research was commissioned and funded by the Dutch Ministry of Economic Affairs within the 
framework of the public-private partnership ‘Kleinschalige Bioraffinage’ (PPS AF-12040) with project 
number BO-21.04-001-001. 
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2 Literature review 
2.1 Review 
Fermentation of starchy products by strains of Lactobacillus  leads to the generation of organic acids, 
and both strains of Lactobacillus  and organic acids are known for their ability to enhance performance 
and health of growing pigs. However, the beneficial effects of fermentation on pig economy and well-
being depend on the type of microbiota used and of the composition of organic acids generated by 
fermentation. The process of fermentation can be initiated under natural environmental microbial 
conditions or can be standardised by inoculation with (blends of) specific bacterial strains. The latter 
may lead to a more predictable generation of different types of organic acids and the chosen bacterial 
strains for inoculation of the dietary substrate may act as probiotics, being species-specific, i.e  
specifically originating from the intestine of pigs (Lallès et al. 2007, Allen et al. 2013) 
The main product of fermentation is lactic acid and to a lesser extent acetic acid and some ethanol. 
The ratio between lactic acid and acetic acid should ideally be >5:1 in pigs diet for performance 
enhancing effects  (Scholten 2001, Van der Peet-Schwering et al. 2004) 
Naturally fermented chopped corn yields on average 45,3 grams of lactic acid and 19,6 grams of 
acetic acid per kg dry matter (n=1000 samples, personal communication by G. Abbink (BLGG 
AgroXpertus). According to Mroz et al. (2006) the minimum inhibitory concentration (MIC) for E. coli is 
0.4% for lactic acid, however, in combination with other organic acids the MIC may be less, as occurs 
during fermentation of starchy products. At a 12.5-25% (dry matter) inclusion level of fermented 
chopped corn in the diet of pigs, the concentration of lactic acid may be around 0.5-1%, a level 
exceeding the MIC for E. coli.     
Inoculation of chopped corn with specific microbial strains may improve standardisation of the 
fermentation process. Fermentation of corn starch has been initiated before (Vishnu et al. 2002) by 
inoculation with Lactobacillus amylophilus GV6, a strain with a starch to lactic acid conversion 
efficiency of more than 80% when using crude starchy substrates. Lactobacillus amylophilus GV6, is 
an amylolytic lactic acid producing organism, isolated from cornstarch processing industrial wastes 
using MRS medium. In addition to Lactobacillus amylophilus GV6, it may be wise to also inoculate with 
pig specific probiotics to improve pig’s health. Micro-organisms which co-evolved with the pig may 
have specific anti-pathogenic actions and beneficial effects on the pig’s immune system due to millions 
years of cross-talk and interplay between microbe and host.  
Several pig specific microbial strains, capable of producing lactic acid, have been isolated, including 
the Lactobacillus strains MB 3123 (L. johnsonii), MB 3182 (L. salivarius group) and MB 3083 (L. 
plantarum). Out of 146 pig specific strains, these 4 were found to be very effective for the production 
of fermented liquid feed based on the capacity to produce lactic acid. No performance studies were 
conducted (Missottena et al. 2009).  
Lactobacillus  plantarum 4.1, and Lactobacillus  reuteri 3S7 were selected out of 35 pig specific strains  
based on their bile salt resistance, pH tolerance, antimicrobial activity by De Angelis et al. (2006). No 
performance studies were conducted.  
Lactobacillus reuteri and Lactobacillus salivarius were selected out of  94 lactic acid bacterial isolates 
of porcine origin based on their general probiotic properties (bile and pH tolerance) of which the 
former generally had the best intestinal adhesion capacity, whereas the latter appeared to be the best 
inhibitor of pathogens (Lähteinen et al. 2010). No performance studies were conducted. 
Lactobacillus salivarius and Lactobacillus reuteri were selected out of 485 lactic acid bacteria of pig 
origin, based on probiotic properties. These strains were compatible in the coexistence assay, 
suggesting that they can be used simultaneously in vivo as  multistrain probiotic  (Guo et al. 2010). 
No performance studies were conducted. 
Multi-microbe probiotics (comprising Lactobacillus acidophilus, Bacillus subtilis, Saccharomyces 
cerevisiae and Aspergillus oryzae) were prepared by submerged liquid (LF) and solid substrate 
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fermentation (SF) methods and added to a basal pig diet at an inclusion level of 0.3%. Lactobacillus 
acidophilus was of porcine origin, Bacillus subtilis was isolated from natto (fermented soy bean), 
Saccharomyces cerevisiae and Aspergillus oryzae were isolated from koji (malted wheat). The results 
indicated that multi-microbe probiotics prepared by SF method were superior to probiotics prepared by 
LF in improving growth performance and being beneficial to gut microflora and reducing harmful gut 
microflora in weaning pigs (Choi et al. 2011). 
Pediococcus acidilactici NRRL B-5627, Lactococcus lactis subsp. lactis CECT 539, Lactobacillus casei 
subsp. casei CECT 4043 and Enterococcus faecium CECT 410 proved to enhance performance in pigs 
when used separately and supplemented as probiotic to basal pig feed. It is not clear whether these 
microbial strains are of pig or other origin (Guerra et al. 2007). 
Another study (Li et al. 2011) reported better pig performance at 5% inclusion level of fermented 
potato pulp. Solid state fermentation was induced by anaerobic microbes including Streptococcus 
thermophiles (CGMCC No. 1.2471), Bacillus subtilis (MA 193) and Saccharomyces cerevisae (CGMCC 
No. 2.1793).  It is not clear whether these microbial strains are of pig or other origin. 
2.2 Conclusions from literature 
Taken together, the multi-microbe probiotics approach of Choi et al. (2011) may result in the best 
chance to improve pig performance and health by feeding pigs a diet partly consisting of inoculated 
fermented chopped corn. A corn specific Lactobacillus amylophilus GV6 (Vishnu et al. 2002) may be 
used in combination with one or more pig specific probiotics like Lactobacillus acidophilus, 
Lactobacillus salivarius, Lactobacillus reuteri, Lactobacillus  plantarum and Lactobacillus  johnsonii 
depending on the availability of these strains. Commercially available pig probiotics may be used as 
alternative source of inoculation, if no restrictions to the use apply. An inoculation level of 0.2-0.3% to 
the fermentable substrate seems optimal (Yang et al. 2006, Choi et al. 2011). 
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3 Effect of corn fermentation on lactic 
acid concentration and in vitro dry 
matter digestibility 
3.1 Lactic acid in pig diets  
It can be concluded from literature (chapter 2) that dietary supplementation of fermented corn to pigs 
improved performance and gut health of these pigs. These effects were explained by the presence of 
lactic acid producing bacteria, which enriched the corn with lactic acid. The mode of action of organic 
acids, e.g. lactic acid, is a reducing effect on the dietary buffer capacity, an enhancing effect on 
digestive enzyme activities, e.g. pepsin, a stimulation of pancreatic activity, a reduction of the growth 
of pathogenic bacteria, a promotion of the growth of favourable bacteria, a reduced velocity of gut 
emptying, an improved gut integrity, and an increased nutrient digestibility.  
The health and growth promoting effects of lactic acid are demonstrated at dietary contents between 
50 and 400 mili-equivalents/kg diet, which is similar with 4.5 to 36 g/kg lactic acid. The lactic acid 
production during corn fermentation can be effected and stimulated by addition of probiotic strains like 
Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus reuteri, Lactobacillus plantarum and 
Lactobacillus johnsonii. Based on results from literature, addition of 0.2-0.3% probiotic to the 
fermentable product seems to be optimal. In this chapter, the effect of corn fermentation treated with  
a probiotic strain on lactic acid concentration and subsequently in vitro dry matter digestibility. 
3.2 Material and methods: 
For this study, a batch corn has been fermented. The fermentation procedure was conducted with 
1500 g yellow maize, which was added to 6 l boiling water. This mixture was soaked for 4 hours, while 
water temperature was maintained at 80-90°C. Thereafter, fermentation process was stimulated by 
adding the starch degrading enzyme StarGen (Genencor, Leiden, The Netherlands) and by inoculating 
the mixture with the lactic acid forming bacteria Bacillus Coagulans LMG6326. The lactic acid forming 
bacteria were cultivated in our lab, and the remaining pellet fraction after centrifugation was added to 
the mixture. Fermentation was conducted in a climate room at a constant temperature of 50°C. In the 
solution, acidity was maintained at pH 5, by adding sodium hydroxide (NaOH) via an automatic 
equipment.  
The fermentation process lasted for 7 days, where after 3 samples were taken from the batch. These 
samples were analysed for lactic acid and acetic acid content. Moreover, the in vitro dry matter 
digestibility of each sample was determined by use of the Boisen method (Boisen and Fernandez, 
1997). It was hypothesised that the dry matter digestibility of fermented corn would be increased 
compared to soaked unfermented corn. 
 
In vitro dry matter digestibility 
The Boisen method (Boisen and Fernandez, 1997) was used to determine the in vitro dry matter 
digestibility of the original and the fermented corn. This method distinguished a short and long 
procedure. The short procedure simulates the nutrient digestibility of nutrients in the stomach and 
small intestine of monogastrics, whereas the long procedure includes the simulation of the nutrient 
digestibility of the large intestine as well. In the current study, the short method was applied in 
duplicate on each sample. Soaked unfermented corn and soybean meal were included in the study as 
reference ingredients.  
 
In short, the principle of the method was as follows. To simulate the functioning of the stomach, finely 
ground ingredients were added to a phosphate buffer solution (0.1M, pH = 6.0). HCL was added to the 
solution to reduce the acidity to pH 2.0. The enzyme pepsin was added to stimulate protein 
degradation. The reaction time for this mixture was 2 hours, whereas temperature was remained 
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constant at 390C. To simulate the functioning of the small intestine, after 2 hours the mixture was 
added to a phosphate buffer solution (0.2M, pH = 6.8). Pancreatin was added to stimulate fat 
digestion. The reaction time for this mixture was 4 hours, whereas temperature was remained 
constant at 390C. The undigested residues were then collected in a filtration unit by using dried and 
pre-weighed glass filter crucibles. All material was then transferred with water to the crucible. After 
consecutive washings (3 min each time) with 2 X 10 ml of ethanol (96%) and acetone 
(99.5%), respectively, the undigested residues were dried at 130°C until constant weight for obtaining 
values of dry matter digestibility). 
3.3 Results and discussion 
Lactic acid and acetic acid contents 
 
The determined contents of lactic acid and acetic acid (g/kg DM) of the samples are provided in  
Table 1. 
 
Table 1   
Determined contents of starch, lactic acid and acetic acid (g/kg DM) of the samples 
Product DM 
(g) 
Starch 
(g/kg DM) 
Acetic acid 
(g/kg DM) 
Lactic acid 
(g/kg DM) 
Soaked unfermented corn 964.9 691.9 0.11 < 1.0 
Fermented corn sample 1 897.4 29.2 1.85 124 
Fermented corn sample 2 897.6 29.5 1.94 124 
Fermented corn sample 3 893.0 30.2 1.92 121 
 
Starch content of unfermented corn amounted 692 g/kg DM, whereas starch content of the fermented 
corn samples was reduced to on average 29.6 g/kg DM. In the soaked unfermented corn, contents of 
acetic and lactic acid were very low. In the three fermented corn samples, a small increase in acetic 
acid content (on average 1.9 g/kg DM) was observed. Lactic acid content of the fermented corn 
samples was significantly increased (on average 123 g/kg DM) as compared to the soaked 
unfermented corn. According to Abbink (personal communication), naturally fermented corn yields on 
average 45,3 grams of lactic acid and 19,6 grams of acetic acid per kg dry matter. Because of 
inoculation with the lactic acid strain, the ratio between lactic acid and acetic acid significantly 
changed in the fermented corn in the current study, as compared with naturally fermented corn. 
 
According to the review, dietary lactic acid content should amount 4.5 to 36 g/kg DM to have a 
stimulating effect on gut health and pig performance. To realize such contents in a complete pig diet, 
the inclusion level of the current fermented corn have to vary between 3.6 to 29% of DM.  
 
In vitro dry matter digestibility 
 
In Table 2, the results of the in vitro dry matter digestibility are presented. 
 
Table 2  
In vitro dry matter digestibility (%) and standard deviation of the tested samples 
Product Dry matter  
digestibility (%) 
Standard  
deviation 
Soaked unfermented corn 88 0.9 
Fermented corn sample 1 94 0.9 
Fermented corn sample 2 94 0.1 
Fermented corn sample 3 93 0.2 
Soybean meal (reference) 82 0.8 
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On average, the dry matter digestibility of the three fermented corn samples amounted 94%, which 
was 6% higher as compared to the soaked unfermented corn. The dry matter digestibility of soybean 
meal amounted 82%. Boisen and Fernandez (1997) determined a total tract organic matter 
digestibility of corn and soybean meal of 91.4% and 90.2%, respectively. Differences between their 
and our findings might be explained by the fact that the current study present the dry matter 
digestibility, which because of the generally low inorganic matter digestibility is usually lower than the 
organic matter digestibility. Moreover, the step that simulates the large intestine was not included in 
the current study. This last step simulates in particular the degradation of the NSP (fibre) fraction. 
 
The increase in dry matter digestibility of the fermented corn was in line with our hypothesis. Because 
of addition of the starch degrading enzyme, starch particles would be solubilized in the mixture, where 
after it could be served as an energy source for the lactic acid producing bacteria, thereby converting 
the starch to lactic acid. Lactic acid is soluble in water (O’Neil, 2001) and ethanol (Lewis, 2001), and 
therefore passed the filter. The difference in dry matter digestibility between fermented and 
unfermented corn might be explained by a higher part of insolubilized starch granules in the 
unfermented corn after 6 hours of incubation.  
 
The used in vitro method is not able to quantify the expected positive effects of fermented corn on gut 
health. For quantifying this, another in vitro method, e.g. with intestinal pork epithelial cells, or an in 
vivo study would be recommended.  
3.4 Conclusions 
 The applied fermentation process resulted in a significant increase in the lactic acid content of the 
fermented corn, without seriously increasing the acetic acid. 
 The in vitro digestibility of fermented corn increased by 6% as compared to soaked unfermented 
corn.  
 According to the current review, dietary lactic acid content should amount 4.5 to 36 g/kg DM to 
have a stimulating effect on gut health and pig performance. To realize such contents in a 
complete pig diet, the inclusion level of the current fermented corn have to vary between 3.6 to 
29% of DM. 
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